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In t roduct ion  

The idea  of improving t h e  s e p a r a t i o n  o f  s o l i d s  from coal  l i q u e f a c t i o n  product  
by d i l u t i o n  with a so lvent  o r  coagula t ion  wi th  a n  a n t i s o l v e n t  is n o t  new. 
l i t e r a t u r e  on t h e  subjec t  i s  reviewed i n  a r e c e n t  r e p o r t  (w. 
1970 suggested us ing  a so lvent  such a s  ace tone ,  o r  a romat ic  o r  a l i p h a t i c  hydro- 
carbons (2) .  An earlier pa ten t  sugpested adding a p a r a f f i n i c  l i q u i d  ( a n t i -  
so lvent )  t o  p r e c i p i t a t e  benzene i n s o l u b l e s  and a s p h a l t e n e s  ( 3 ) .  A 1972 p a t e n t  
descr ibed  t h e  aeglomerat ion of s o l i d s  by r e c y c l i n g  a f r a c t i o n  of t h e  c o a l  l ique-  
f a c t i o n  product ( 4 ) .  A 1974 p a t e n t ,  ass igned  t o  The Iummus Corrpany, emphasized 
t h e  use of an a n t i s o l v e n t  wi th  p a r a f f i n i c  c h a r a c t e r i s t i c s  (5). Addi t iona l  
i n f o r r a t i o n  on t h e  agglomeration and s e p a r a t i o n  of  s o l i d s  by t h e  Lunimus process  
w a s  presented i n  1975 ( 6 ) .  Separa t ion  of  t h e  agglonerated s o l i d s  i s  conducted by 
g r a v i t y  s e t t l i n g .  Deasphalting of  c o a l  extract w i t h  s a t u r a t e d  hydrocarbons i s  
descr ibed i n  ( 7 ) .  

The purpose of t h e  present  i n v e s t i g a t i o n  w a s  t o  coagula te  the  s o l i d s  i n  l i q u e -  
f i e d  coa l  from t h e  SYNTHOIL process  w i t h  a process-peneratee a n t i s o l v e n t  and 
t o  remove t h e  agplomerated s o l i d s  by f i l t r a t i o n  r a t h e r  than  s e t t l i n p .  In  t h e  
SYNTEOIL process  f o r  convert inp c o a l  t o  a nonpol lu t ing  u t i l i t y  f u e l  o i l ,  coa l  i s  
l i q u e f i e d  and hydrodesulfur ized c a t a l y t i c a l l y  by r e a c t i o n  wi th  hydropen i n  a 
turbulent-f low,  packed-bed r e a c t o r  ( 8 ) .  The g r o s s  l i q u i d  product  is then c e n t r i -  
fuped, o r  f i l t e r e d ,  t o  remove t h e  minor amounts of r e s i d u a l  upreacted c o a l  and 
minera l  mat ter .  I f  a vethod f o r  agglomerat ine t h e  f i n e l y  divided s o l i d s  i n  t h e  
g r o s s  l i q u i d  product  could be developed, t h e  subsequent  s e p a r a t i o n  of s o l i d s  w i l l  
b e  e a s i e r  and more complete. Such a rrethod and t h e  experirrental  d a t a  i n  suppor t  
of i t  a r e  descr ibed  below. It is not  y e t  p o s s i b l e  t o  c o m e n t  on t h e  econorrics 
of  t h e  method. 
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Method 

The method f o r  agglomerat ing and s e p a r a t i n g  t h e  s o l i d s  present  i n  t h e  g r o s s  
l i q u i d  product  c o n s i s t s  of  t h e  fo l lowing  s t e p s :  

Prepare  a b lend  of t h e  g r o s s  l i q u i d  product  w i t h  an a c c u m l a t i o n  of  
l i g h t  o i l  der ived  from t h e  SYNTHOIL process  ( 9 ) .  The blend may con- 
t a i n  40 t o  50 weight p e r  c e n t  o f  t h e  g r o s s  l i q u i d  product .  

Hold t h e  b lend  a t  105" - 115OC f o r  10 minutes  i n  a v e s s e l  f i t t e d  
w i t h  a r e f l u x  condenser. 

(1) 

(2) 

( 3 )  F i l t e r .  

( 4 )  Wash t h e  f i l t e r  cake wi th  t h e  same l i g h t  o i l  as  used f o r  prepar ing  
t h e  blend.  

(5) Recover l i g h t  o i l  from t h e  f i l t r a t e  by d i s t i l l a t i o n .  

I n  the  experiments descr ibed  below, product  o i l s  conta in ing  less than 0.1 p e r  
c e n t  ash were obta ined  by t h e  method and t h e  r e s i d u a l  o i l  i n  the  s o l i d s  appeared 
t o  be n e g l i g i b l e .  

M a t e r i a l s  and Experimental Procedure 

Analyses of  t h e  g r o s s  l i q u i d  product  and t h e  l i g h t  o i l  used i n  t h i s  work a r e  
given i n  t a b l e s  1 and 2 ,  r e s p e c t i v e l y .  Although n o t  ev ident  from the a n a l y s i s ,  
t h e  l i g h t  o i l  had a n  ammonia odor. 
l i q u i d  product  and t h e  l i g h t  o i l  were prepared  by t h e  fol lowing techniques:  

Using a Waring b lender ,  mixtures  of t h e  gross  

The components were blended f o r  5 minutes  dur ing  which time t h e  
f r i c t i o n a l  h e a t  r a i s e d  t h e  temperature  o f  t h e  mixture  t o  60'C. 

The components were blended f o r  1 5  rr inutes  dur ing  which time t h e  
mixture  b o i l e d  due t o  t h e  f r i c t i o n a l  h e a t .  

A r i x t u r e  of 80 p a r t s  by weight o f  t h e  g r o s s  l i q u i d  product  and 20 
p a r t s  by weight  of  t h e  l i g h t  o i l  w a s  blended f o r  5 minutes  and then  
d i l u t e d  t o  mixtures  conta in ing  10 t o  50 p e r  cent  by weight of g r o s s  
l i q u i d  product  by shaking w i t h  c a l c u l a t e d  q u a n t i t i e s  of t h e  l i g h t  
o i l .  

The d i l u t e d  mixtures  prepared i n  3 were re f luxed  f o r  10 minutes ,  
a t  105' - 115OC. 

The mixtures  prepared i n  1 t o  4 were cooled t o  room temperature  f o r  f i l t r a t i o n  
tests and v i s c o s i t y  and d e n s i t y  de te rmina t ions .  
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The f i l t r a t i o n  equipment, shown i n  f i g u r e  1, c o n s i s t e d  of an 8 inch  l e n p t h  of 
1-318 inch I D  s t e e l  p ipe  f i t t e d  wi th  a screwed top gas  and thermocouple adapter  
and a bottom f i l t e r  assembly. The l a t t e r  comprised a paper  d i s c  clamped between 
a 1.3 inch I D  Teflon r i n g  and a d i s c  of  62 x 62 p e r  inch  square  weave pauze on a 
per fora ted  b r a s s  d i s c .  
top assembly was only  hand-t ightened,  enabl ing  i t  t o  h e  r a p i d l y  opened, r e f i l l e d ,  
and screwed t i g h t .  The f i l t e r  was clamped above a beaker  mounted on a t r i p l e  
beam s c a l e .  For f i l t r a t i o n  r a t e  de te rmina t ions ,  mix tures  were poured i n t o  the 
tube ,  the  top  assembly f i t t e d ,  a cons tan t  n i t r o g e n  p r e s s u r e  of 25 p s i g  a p p l i e d ,  
and t h e  t i m e  i n t e r v a l s  f o r  c o l l e c t i n g  known q u a n t i t i e s  of t h e  f i l t r a t e  no ted .  
With d i l u t e  mixtures ,  i t  was necessary t o  build-up f i l t e r  cake t o  reduce t h e  f i l -  
t r a t i o n  r a t e  before  rate measurements could be  aade .  S p e c i f i c  r e s i s t a n c e s  of 
f i l t e r  cakes were c a l c u l a t e d  by t h e  method descr ibed  by WcCabe and Smith (10). 

The v i s c o s i t i e s  of t h e  mixtures  and f i l t r a t e s  were rreasured on 8 nl samples with 
a Brookfield Synchro-Lectric model LVT viscometer  i n  a Thermosel cons tan t  tempera- 
t u r e  uni t .  The s p i n d l e  model w a s  SC4 -18. The measurements were conducted a t  
room temperature and a t  a h igh  s h e a r  r a t e  o f  79.2 sec-' a t  60 rpm. P s e r i e s  o f  
v i s c o s i t y  de te rmina t ions  on t h e  gross  l i q u i d  product  over  a range of shear  ra tes  
a t  t h r e e  d i f f e r e n t  temperatures  had shown t h a t  t h e  apparent  v i s c o s i t y  is very 
s e n s i t i v e  t o  shear  r a t e  a t  low v a l u e s  of t h e  l a t t e r  ( f i g u r e  2 ) .  

The f i l t e r  assembly was t i g h t e n e d  wi th  a wrench b u t  t h e  

Resul t s  

The f i l t r a t i o n  r a t e s  are given as p l o t s  of  r e c i p r o c a l  f i l t r a t i o n  r a t e ,  At/Av, 
aga ins t  average f i l t r a t e  volume, C, i n  f i g u r e s  3, 4 ,  and 5. S p e c i f i c  cake r e s i s -  
t ances  c a l c u l a t e d  from t h e  s l o p e s  of  t h e  graphs i n  f i g u r e  5 a r e  piven i n  t a b l e  3. 
The f i l t r a t e s  ob ta ined  from t h e  e x p e r t r e n t s  shown i n  f i g u r e  5 were analyzed f o r  
ash,  organic  benzene i n s o l u b l e s ,  asphal tene ,  and pentane-soluble  o i l  and t h e  con- 
c e n t r a t i o n s  of t h e s e  components i n  l i g h t  o i l - f r e e  SYMTPOIL product  were calcu- 
l a t e d  by al lowing f o r  t h e  known q u a n t i t y  of  l i g h t  o i l  i n  t h e  f i l t r a t e .  
c a l c u l a t e d  a n a l y s i s  of t h e  recovered SYNTFOIL product  i s  piven i n  t a b l e  4 .  The 
v i s c o s i t i e s  of mixtures  of  gross  l i q u i d  product  and l i g h t  o i l ,  re f luxed  f o r  10 
minutes, and of t h e  f i l t r a t e s  ob ta ined  from them a r e  given i n  t a b l e  5 and p l o t t e d  
logar i thmica l ly  a g a i n s t  l o g  l i g h t  o i l  f r a c t i o n  i n  f i g u r e  6. 

The 

Discussion 

General ly ,  the  r e s u l t s  suggest  t h a t  t h e  p r o s s  l i q u i d  product  c o n t a i n s  f i n e  s o l i d s  
t h a t  block the  c a p i l l a r i e s  of f i l t e r  cakes and prevent  r a p i d  f i l t r a t i o n .  The 
s o l i d s  a r e  agglomerated by thermal  t rea tment  wi th  l i g h t  o i l  and cool ing  t o  room 
temperature .  Figh concent ra t ions  of  l i g h t  o i l  g i v e  very open f i l t e r  cakes capa- 
b l e  of extremely rap id  f i l t r a t i o n  r a t e s .  Addit ion of  l i g h t  o i l  a l s o  reduces t h e  
v i s c o s i t i e s  of  t h e  gross  l i q u i d  products  and f i l t r a t e s .  

Figure 3 shows t h a t  a 50 p e r  cent  mixture  o f  gross  l i q u i d  product  i n  l i p h t  o i l  
prepared without  s u f f i c i e n t  h e a t i n g  w a s  slow t o  f i l t e r .  
f i l t r a t i o n  r a t e  w a s  ob ta ined  by r e f l u x i n g  t h e  s l u r r y  f o r  1 0  rr inutes ,  where a spe-  
c i f i c  cake r e s i s t a n c e  of 3 x 10l1 f t / l b  (2 t e c h n i c a l  u n i t s )  was found. 

A marked improvement i n  

F igure  
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4 shows similar e f f e c t s  w i t h  a 20 p e r  cent  mixture  of  g r o s s  l i q u i d  product  i n  
l i g h t  o i l .  Elending f o r  5 minutes  gave a cake r e s i s t a n c e  l i t t l e  d i f f e r e n t  from 
t h a t  of t h e  shaken mixture .  Blending f o r  1 5  rr inutes  showed a marked improvement 
but  n o t  a s  g r e a t  as  t h a t  ob ta ined  by r e f l u x i n p  t h e  mixture  f o r  10 rr inutes ,  where 
a s p e c i f i c  cake r e s i s t a n c e  of 0 . 1  x 1 0 l 1  f t / l b  (0.06 t e c h n i c a l  u n i t s )  was a t t a i n e d .  

Comparison of  t h e  r e c i p r o c a l  f i l t r a t i o n  r a t e s  of 50  p e r  cent  t o  20 p e r  c e n t  mix- 
t u r e s  of gross  l i q u i d  product  i n  l i g h t  o i l ,  a s  s e e n  i n  f i g u r e  5 ,  h i g h l i g h t s  t h e  
marked dependence o f  t h e  f i l t r a t i o n  rate of r e f l u x e d  mixtures  on concent ra t ion .  
The f i l t r a t i o n  rate of t h e  10 p e r  c e n t  mixture  was too r a p i d  t o  measure and t h a t  
of t h e  60 per  cent  mixtures  was  very slow. The s p e c i f i c  cake r e s i s t a n c e s  found 
i n  t h e s e  tes ts  and g iven  i n  t a b l e  3 tend  t o  a lower l i m i t  of  0 .1  x lo1] f t / l b  
(0.06 t e c h n i c a l  u n i t s )  a t  30 p e r  c e n t  gross  l i q u i d  product  and l e s s .  The curva- 
t u r e  of  t h e  p l o t s  f o r  t h e  SO p e r  c e n t  and 40 p e r  c e n t  g r o s s  l i q u i d  product  con- 
c e n t r a t i o n s  shows t h a t ,  i n s p i t e  of agglomerat ion by thermal  t rea tment ,  c a p i l l a r y  
blockage did occur. Once c a p i l l a r i e s  blocked, they  could not  be  opened by washing. 

The r e s u l t s  i n  t a b l e  4 show t h a t  t h e  concent ra t ion  of  o r g a n i c  benzene i n s o l u b l e s  
i n  t h e  recovered SYNTHOIL product  i s  a l s o  markedly reduced by thermal  t r e a t r e n t  
wi th  l i g h t  o i l  followed b y  f i l t r a t i o n .  The odd hreakpoin t  i n  t h e  p l o t s  of l o g  
v i s c o s i t y  v e r s u s  log concent ra t ion  of  gross  l i q u i d  product  i n  r r ix tures  shown 
i n  f i g u r e  6 could  be  due t o  p r e c i p i t a t i o n  of  t h e  organic  benzene i n s o l u b l e s  and 
l a r g e r  asphal tene  molecules  (macromolecules) normally s o l u b l e  i n  t h e  products  of 
c o a l  l i q u e f a c t i o n .  
l i q u i d  product concent ra t ion  where t h e r e  is a sharp  decrease  i n  o r g a n i c  benzene 
i n s o l u b l e s  i n  t h e  recovered  SYNTHOIL product .  

It should be noted  t h a t  no  s o l i d  f i l t e r - a i d s  were added i n  these  tests,  t h e  
agglomerated s o l i d s  a c t i n g  a s  t h e i r  own f i l t e r  medium. 
graphs in  p l a t e s  1 and 2 ,  t h e  agglomerates appear  t o  be chain- l ike.  Nany f i n e  
p a r t i c l e s  are a l s o  c l e a r l y  v i s i b l e .  

The agglomerat ing a c t i o n ,  o r  t h e  a n t i s o l v e n t  c h a r a c t e r i s t i c s ,  of  t h e  l i g h t  o i l  
may be due t o  t h e  s a t u r a t e s  i n  i t .  
l y s i s  of t h e  l i g h t  o i l  showed i t  conta ined  4 4  p e r  c e n t  of  C5 t o  C16 s a t u r a t e s .  

The breakpoin t  occurs  a t  about 30 p e r  c e n t  t o  40 p e r  c e n t  gross  

From t h e  e l e c t r o n  micro- 

As given i n  t a b l e  2 ,  rrass spec t romet r ic  ana- 

Conclusions 

The f i n e l y  d iv ided  s o l i d s  i n  t h e  gross  l i q u i d  product  from t h e  SYNTHOIL 
process  are coagula ted  by h e a t i n g  a mixture  of  t h e  g r o s s  l i q u i d  product  and 
a process-derived l i g h t  o i l  a t  105' - 115OC f o r  10 p i n u t e s .  

The coagulated s o l i d s  a r e  amenable t o  r a p i d  s e p a r a t i o n  by f i l t r a t i o n  a f t e r  
t h e  mixture  is cooled .  

The concent ra t ion  of ash  i n  t h e  product  o i l  i s  not  s e n s i t i v e  t o  t h e  con- 
c e n t r a t i o n  of t h e  p r o s s  l i q u i d  product  i n  t h e  F i x t u r e  ( s e e  t a b l e  4 ) .  

The f i l t r a t i o n  r a t e  o f  a mixture  i s  s e n s i t i v e  t o  t h e  concent ra t ion  of t h e  
gross  l i q u i d  product  i n  i t  ( see  t a b l e  3 ) .  The f i l t r a t i o n  r a t e  o f  a r r ixture  
conta in ing  60 p e r  cent g r o s s  l i q u i d  product  w a s  t o o  slow f o r  p r a c t i c a l  pur- 
poses. 
qua te  r a t e  of f i l t r a t i o n .  

The mixture  must conta in  a minimum of 50 p e r  c e n t  l i p h t  o i l  f o r  ade- 

1 1 2  
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I Table 1 

Solvent Analysis of the Gross Liquid Product 

Weipht p e r  cent a 
8 

Organic benzene inso lub les  8 . 1  

Asp ha1 t ene’ 26 .3  

0112 61.0 

Ash 4.6 a 
m Asphaltene is so lub le  i n  benzene but insoluble i n  pentane. 

U 

I 

I 
II 

1 
I 
I 
I 

O i l  i s  s o l u b l e  both i n  benzene and pentane. 
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Table 2 

Analysis  of Light  O i l  

ASTK d i s t i l l a t i o n  D-158 

Volume p e r  c e n t  Temperature, 
d i s t i l l e d  O C  

60 ____________ 169.0 
70 __-________- 179.5 
80 ------____-- 193.0 
go  ------------ 213 .0  

229.0 95 ------____-- 
End p o i n t  ------ 232.0 

Recovery: 96 p e r  cent  
Residue: 3 p e r  cent  
Loss : 1 p e r  cent  

Mass spec t romet r ic  a n a l y s i s  

Coqonent  Weight p e r  c e n t  

44.0 
2 1 . 3  

0.2 
7.9 

7 . 1  
0.5 
4.5 
1 . 6  

12 .7  
- 

Tota l :  99.8 
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Table 3 

S p e c i f i c  Res i s tances  of F i l t er  Cakes from Hixtures o f  Gross 
Liquid Products and Light O i l  Refluxed f o r  10 Vinutes 

I 
I 

Gross l i q u i d  product i n  
mixture, weight per  cent  

10 

20 

30 

40 

5 0  

60 

S p e c i f i c  cake r e s i s t a n c e  
f t / l b  x 10" Technical u n i t s  

- I /  - I /  

0.1 0.06 

0.1 0.07 

0.5 0.3 

3.2 2.0 

- 2 /  - 2/  

'/ F i l t r a t i o n  r a t e  was t o o  rapid f o r  r a t e  measurement. 

2/ F i l t r a t i o n  r a t e  was t o o  slow f o r  ra te  measurement. 

- 

- 

1 
I 
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Table 4 

Analysis o f  Light Oil-Free SYNTHOIL Product Recovered 
from F i l t r a t e  

(Calculated from ana lyses  of  t h e  f i l t r a t e s  and 
the known q u a n t i t i e s  of l i g h t  o i l  i n  them). 

*Gross l i q u i d  product i n  Analysis  o f  Recovered Syntho i l  Product 
mixture, weight per cent  Ash Organic Benzene Asphaltene Oil 

inso lub les  

10 0 . 0 3  0.2 27.0 72.8 

20 c0.02 0 . 4  24.3 75.3 

30 0.04 0.4 26.8 72.8 

40 0.05 1 . 4  29.5 69 .1  

50 0.01 2.5 3 1 . 3  66.2 

* The mixtures were re f luxed  f o r  10 minutes. 
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Table 5 

V i scos i ty  o f  Mixtures and F i l t r a t e s  
(Mixtures re f luxed  f o r  10 minutes) 

Gross l i q u i d  product V i s c o s i t y  o f  V i scos i ty  of 
in  mixtures, weight per cent  mixture, cp f i l t r a t e ,  c p  

0 (neat  l i g h t  o i l )  - 
10 2 . 5  

20 3 . 4  

30  4 . 6  

40 8 .6  

50 2 7  

60  129 

70 800 

80 4,090 

* N .  D. = Not determined 

1 . 6  

1 . 8  

2 . 2  

3 . 0  

5 . 1  

13 

6 5  

N .  D.* 

N. D." 
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‘/e in od sheathed thermocouple 

Tubing connector 

‘/s x 1/2 in pipe bushing 

‘/4 in tubing connector 

‘/2 x 114 in pipe reducer 

600rnl beaker 

I ‘/4 in pipe cap (Brass) 

Teflon seal I/ein th’k 
62 mesh %steel gauze 

/,\ \ 

Figure I .- Apporotus to measure filtration rates. 
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SPINDLE REVOLUTIONS PER MINUTE 

0 IO 20 30 4 0  50 60 70 
3000 

2000 

IO00 
8 0 0  

600 
a 0 

p- 4 0 0  
k 

'" 200 

v) 
0 
V 

> 
I- z u 
[L 100 

a 
a 60 

4 0  

2 8 0  

20 

IO 
0 IO 20 30 4 0  50 60 70 80 

SHEAR RATE, sec-' 

Figure 2-The effect of shear rate on apparent. viscosity 
of gross liquid product. 

4/16/76 L-14807 
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15.00 

10,oo 

5.00 

I I I 

50% gross liquid product, 
blended 5 minules 

- 

50% gross liquid product, 

d mixed by shaking 

50% qross liquid producl. 
refluxed IO minutes 

0.01 0.02 0.03 0.04 0.05 0.06 

MEAN FILTRATE VOLUME, P liters 

Figure 3- Dependence of reciprocol filtrotion rate 
on mixture treotment,(50% gross liquid 
product, 50% light oil). 

4/16/76 L-14804 
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1000 I2O0 I 

20% gross liquid product - 
blended 15 rnins. 

20% gross liquid product 
refluxed IO mins. 

*0° - 4T 

800 

600 

400 

Figure 4- Dependence of reciprocal filtrotion rote 

on mixture treatment, (20% gross liquid 
product, 80% light oil). 

4/16/76 L-I4806 
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20% gross liquid 

Figure 5-Dependence of reciprocal filtration rate 
on gross liquid product concentration in 
I ig ht oil (refluxed) - 

4/16/76 L-14805 
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Plate I 
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Plate 2 
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